His general appearance was untidy, the face beinig expressionless and mask-like. Dribbling of saliva was pronounced and continuous. The posture was that of generalised flexion with festinant gait and slowing of all voluntary movements. There were tremors of the tongue. lips and eyelids and sustained frequiency of the pulse rate. The reflex reactioins were as follows: lupils : equal anid reacted normally to light and accommodation. Knee and ankle jerks: brisk and equal. Plantar: ambiguous; ? extensor. 2 l'he second case is that of a male, Al. McC.. aged 42, also uinder observation for a little over two years, in whom no previous history of any acute febrile attack could be obtained.
For about three to six months prior to admission he had become gradually depressed and apathetic; easily fatigued, slow in movement-w hich fact had led to his loss of employment-and finally becoming an excessive burden on his relatives because of inability to attend to his daily toilet, et>.
On his admission to hospital the mental condition was such as to lead to a diagnosis of melancholia, the more prominent features being excessive apathy and depression, complete lack of external interests and social qualities. He complained of headache, dull and continuous. As in the other case it was not until he had been resident in the hospital for some time that the diagnosis of postencephalitic Parkinsonism was made, based onl the appearance of the general posture, facies, slowing of all voluntary movements and the continuous dribbling of saliva. In addition there was a coarse tremor of the tongue and a fine tremor of the eyelids. The For purposes of brevity and facility of reading we shall consider the three cases together, merely noting points of difference.
In all three no part of the nervous system examined can be said to be completely normal but whereas the first two cases show the chief lesions in basal ganglia, crura, pons and cerebral cortex, the third shows the main incidence of the disease in basal ganglia, lower medulla, and upper cervical cord.
Cerebral Cortex.-In cases 1 and 2 the feature of note is the marked change in the Betz-cells (Fig. 1) . None seen are normal. Most cells are swollen and stain very poorly, though some are irregularly shrunken. Nissl bodies have for the most part completely disintegrated and the nuclei are generally w -Vs* #tF x.1-Betzc ells s h t o w i n g -c h a t n g es i m u L l a t i n g -c e n i t r a l n e u r i t i s ' excentric. The underlying white matter shows patchy nerve-fibre atrophy. The level of the cortex chiefly affected and the almost complete absence of inflammatory reaction recall the condition to which the term 'central neuritis' has been given (Fig. 2) (Fig. 4) , buit others are quite normal i.e., the change here is much less markedI thani in the adjacent corpora striata. In the third case mnost cells aro normal buit a few reveal signs of degeneration. There is pronounced rounid-celledI inicrease and proliferation of the vascular endothelium.
Crura C'erebri and Hypothalaini.-In this area cases 1 and 2 show very severa and extensive damage to the neuronic elements (Fig. 5 The tegmental areas exhibit similar neuronic, vascular and glial changes but much less pronounced. In all three cases the cells of the third nerve nucleus reveal degeneration of individual neurones. The second case shows the most marked change; in it we were fortunate enough to have the root of the third nerve, as it emerges from the sulcus oculomotorius, in the section, and very definite atrophy of some of the nerve-fibres was seen. All the cases show numerous circumscribed areas of nerve-fibre atrophy in the crusta, chiefly located among the pyramidal fibres (Fig. 5 ).
Pons. In all cases there is pronounced proliferatiod of the ependymal cells with local invasion of the brain substance (Fig. 7) . There is widespread round-celled infiltration and vascular thickening. In addition, cases 1 and 2 show degeneration of many of the cells of the motor nuclei while others are perfectly normal.
Medulla.-Generally there is excess of small round cells, patchy nervefibre atrophy in the region of the pyramidal and rubrospinal groups of fibres and degenerative changes in some of the nerve-cells of the motor nuclei. In addition, case 2 shows widespread degenerative changes among the cells of the olivary nudleus, Cerebellumn.-There is no evidence of any inflammatory upset here, but some of the cells of Purkinje are in various stages of degeneration and in case 2 many have completely disappeared (Fig. 8) This generalised histopathology releases us from the awkward situation of having to interpret all the symptoms as manifestations of striatal disease alone-a position of precarious tenancy when we reflect on the diversitv of the symptoms (hypertonus, tremor, sialorrhcea, glycosuria, palilalia, etc.) encountered.
From the photomicrographs it is seen that all the pathological lesions are of a partially or completely destructive nature and it thus follows that the positive symptoms which make up the syndrome of Parkinsonism must be characteristic of relea,e-phenomena, remembering also that the products of degeneration themselves, before they are finally removed by lcucocytic activity, may act as irritants to contiguous nervouis tisstue and thus prodtuce some of the symptoms.
All observers are agreed, and the present investigation confirms, that the main incidence of the pathology centres around the midbrain and basal ganglia and therefore w-e will deal with this region first. At the outset we findl ourselves confronted by a part of the brain in which the anatomical connections are of a most intricate character and even yet by no means fully elucidated. In order to facilitate the further development of our argument we have made a composite diagram of the known connections of tracts and nuclei in this region (Fig. 9) . It is purelv schnmatic and is based on diagrams from Quain's Anatomy (vol. 3, part I, p. 96) and Berry's Brain and Mind (p. 132) . The diagrammatic analysis is as follows.
On the affector side, proprioceptive impulses from joint, muiscle, anid tc-ndon ascend in the spinocerebellar tracts and pass via the peduncles to the cerebeliar cortex, whence through the medium of the Purkinje cells and probably other internuncial neurones thev are transmitted to the dentate nucleus (from which they are freshly relayed to the red nucleus) and also to the cerebral cortex (either directly or via the optic thalamus). On the effector side we recognise cortical control of the anteroventral thalamic nuclei, which give off neurones passing to the globus pallidus of the corpus striatum, which in turn is connected with the red nucleus. Here this indirect cortical control fuses with cerebellar impulses and thus joint cerebello-striatal control, via the rubrospinal tract, is exercised over the lower somatic and sympathetic reflex arcs.
In the previous section we have noted that the main pathological incidlence -of a destructive nature has fallen on the red nucleus and substantia nigra, with secondary descending degeneration of the fibres of the rubrospinal tract, thus removing the inhibition normally exercised over the lower reflex arcs.
In destructive lesions of the pyramidal system we recognise a distinct clinical picture, the Vositive signs of which (i.e., everything exclusive of the paralysis) are (letermined by the release of impulses mediated through the lower somatic reflex arc. Now in destructive lesions of the striorubral system we _5,ĝ have a clinical picture quite (listinct from that of pyramidal disease and yet the phenomiiena encountered, as far as the muiscular system is concerned, are mediated by the same lower reflex arc (or more correctly, the same final common effector path-ay). Seeing that both conditions-pyramidal and Parkinsonian disease-are release-phenomena, it follows that something ' different ' or ' extra ' is released in one or other of these disease processes. Is there any evideiice of this somethinig ' extra ' being released ? We believe that there is.
The terminal filaments of the ruibrospinal tract are known to arborise aroun(l the dendrites of the neurones forming the intermediolateral cell column and also around the (lorsal cells of the anterior horn. The cells of the intermediolateral columin are those which furnish the preganglionic sympathetic fibres, which passing ouit via the ventral roots of the spinal nerves connect through the white ramnus communicans with the sympathetic ganglia (connections and course of the sympathetic fibres are featured in the diagram).
Fromi which it is (leduced that the something 'extra ' which is released by destruictive lesions of the rubrospinal tract is this 'sympathetie element.' In suipport of this conltention, i.e., "that sympathetic overaction is explanatory of the inain features of Parkinsonism " -e submit the following argument.
Hypertonus of a generalised nature (though it affects some muscle groups more than others-thus determining the flexion attitude typical of Parkinsonism) is at once the most outstanding feature requiring elucidation and explanation.
First Myoclonus and Tremor.-None of the three cases above described showed myoclonus of limb segments, but both the males demonstrated fine tremor of the tongue, lips and eyelids unaccompanied by any wasting of muscles detectable clinically. The tremor became more pronounced when the muscles concerned were put into action and was thus of the ' intention ' variety. The nerve supply of these affected parts is derived from the seventh and twelfth cranial nerves; and the only pathological counterpart for these clinical phenomena which we could identify was degeneration of some of the cells of the seventh and twelfth nuclei with the presence of much intercellular debris which may conceivably have acted in the role of irritant to the remaining healthy neurones.
Glycosuria and Hyperglycorrhacia.-Much work has been undertaken and a great deal written about the sugar content of the spinal fluid and blood in encephalitis lethargica. Observations by numerous investigators employing seemingly identical methods of estimation have produced diverse results, and while some have claimed that the sugar content of the fluid shows an increase others have just as stoutly denied it. Shrewsbury and Williamson making an extensive study of the subject come to the conclusion that " a constant hyperglycorrhacia has not been observed in encephalitis lethargica and the finding of an increased spinal fluid sugar is not believed to be significant of that condition." On the other hand McCowan, Harris and Mann investigated the blood-sugar content of a series of cases of encephalitis lethargica and report thirteen Parkinsonian cases all of which showed a slight hyperglyceemia after the ingestion of 50 gms. of glucose, while out of seven cases of postencephalitis of non-Parkinsonian type only two showed a mild hyperglycsemia. The writer, having had under observation for the past two and a half years some thirty cases of postencephalitis in which sugar investigations have been carried out at varying intervals, can state that some of these cases show persistent hyperglycorrhacia and hyperglye-emia following a carbohydrate meal (i.e., when the liver is full of glycogen) while other cases, more common in the nonParkinsonian types, show no such upset of sugar metabolism. What is the explanatioin of these apparently anomalous cases ? All are similar in that they have been infected with the virus of encephalitis, but all do not show upset of sugar metabolism. Therefore the cause cannot reside in the original infection itself but rather in the differing results the infection produces in the nervous 56 ORIGINAL P.APERS systems of different individuals. In the experience of the writer it is more common to find an increase of the sugar content of the blood and fluid in the Parkinsonian type of case but by no means all of the cases of this type show the change. Is there a feasible explanation of this ? We believe there is.
It will be recalled that one of the pioneers in the elucidation of the problem of glycosuria and hyperglycaemia was Claude Bernard, whose production of experimental glycosuria by puncture of the floor of the fourth ventricle has become a classic of physiology. Subsequent experimenters showed that this effect was only possible when the sympathetic nerve supply to the adrenal glands (splanchnic nerves) and from them the glycogenetic sympathetic nervefibres to the liver, were intact and functioning. Langdon Brown, commenting on this experimental glycosuria says, 'We know that the main glycosuric effect of Bernard's puncture of the floor of the fourth ventriele is due to the irritation thereby of the splanchnic nerve-supply to the suprarenal glands ". But needle puncture of the nervous system is a destructive lesion, and how can this irritate the splanchnic nerves, which take their origin in the intermediolateral cell column of the fifth to the twelfth dorsal segments of the spinal cord -far removed from the medulla ?
We submit that the explanation is that of a release-phenomenon; destruction of certain fibres of the rubrospinal tract by puncture of the floor of the fourth ventricle releases the corresponding spinal sympathetic fibres from cerebral control, resulting in overaction of the adrenal glands and thus excessstimulation of the glycogenetic sympathetic nerve-fibres to the liver.
In cases of encephalitis only those which show degerneration of the fibres of the rubrospinal tract will exhibit upset of sugar metabolism (i.e., Parkinsonian cases) and then only those in which the particular fibres, governing the sympathetic nerve-cells connected with adrenal and hepatic control, are affected. We submit that this explanation is tenable on experimental, pathological and clinical grounds above enumerated and also smoothes out the apparent discrepancies in sugar estimations which have been noted by different investigators.
Sialorrhaea.-This is a common symptom in cases of postencephalitic Parkinsonism and occurred in two of those here described. In the experience of the writer, in most cases, though not in all, the passage of time tends to produce a diminution in the degree of salivary dysfunction and cases have been encountered where the symptom has completely cleared up. Can we discover a pathological and anatomical basis for these phenomena ?
The salivary glands derive their dual nerve supply from the cervical sympathetic cord and from the cells of the salivary nucleus (situate in the medulla close to the nucleus of origin of the glossopharyngeal nerve), the fibres passing to the glands via the chorda tympani and branches of the fifth cranial nerve. Physiological experiment shows that the fibres in the chorda tympani are secretomotor and those of the sympathetic are inhibitory.
The two cases in this series which showed this phenom-nenon disclosed destruction of some of the cells of the medullary nuclei, including the salivary and glossopharyngeal nuclei, together with a generalised round-celled infiltration. It is conceivable that these products of degeneration act as irritants to the remaining functioning neurones, thus producing hyperactivity-i.e., sialorrhcea. Gradually reparative processes will tend to remove (via the blood stream) the products of degeneration and therefore the irritative factor will slowly be removed with a corresponding gradual improvement of the correlated symptom. That this symptom is an irritative one and not a releasephenomenon is supported by the fact that in the third case showing no sialorrhcea we could find no lesion of the cells of the various medullary nuclei.
Tachycardia.-Sustained frequency of the pulse rate, of moderate degree, has been noted by numerous observers. One of the above three cases showed this symptom. Hall found it in a number of his cases but did not proffer any explanation thereof. Now we know that the heart has a dual nerve supply, the vagus being inhibitory while the sympathetic is both accelerator and augmentor. If we accept the theory that in Parkinsonism the release-phenomena are manifestations of sympathetic overactivity then we have an obvious explanation of the moderate tachycardia encountered in some of these cases. But why not in all? The cardiac sympathetic fibres come from the cells of the intermediolateral column situate in the upper dorsal cord (segments 1-4). It is a feasible explanation that only those cases in which the corresponding controlling fibres in the rubrospinal tract are out of action will show the sympathetic release-phenomenon of tachycardia.
Palilalia.-The writer has only encountered this symptom in one case, that at present described in this series. It is constituted by a defect (or better a dysfunction) of motor speech. Written speech is apparently unaffected and the sensory side of the speech mechanism is quite normal. The muscular elements concerned in the act of speech (lips, tongue, vocal cords, etc.) have their neural correlates located in the third left frontal convolution, or Broca's area. In our case of palilalia the only lesion of the cerebral cortex we could discover (sections were cut from frontal, central, parietal and occipital areas) was located in Broca's area and consisted of perivascular round-celled infiltration within the substance of the white matter immediately subjacent to the cortex.
Reflex reactions.-In case 1 the plantar response was recorded as ? extensor. In view of the profound degeneration of some of the Betz-cells this observation was very likely correct. In fact considering the case from a pathological standpoint it is remarkable that the pyramidal signs were not more pronounced clinically, but doubtless they were overshadowed by the more definite picture of Parkinsonism.
In case 2 the pupillary reflexes yielded defective response to light and complete absence of response to accommodation. In this case there was pronounced degeneration of the cells of the third nerve nuclei with secondary degeneration of the fibres of the third nerve as it emerged from the sulcus oculomotorius. Similar neuronic changes but of slighter degree were found in case 3, which showed upset of the pupillary responses.
Encephalitis Three Cases of Epidemic
Pathological Study of
